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Description

Background of the Invention

[0001] The presentinvention relates generally to meth-
ods and systems for blending computer generated graph-
ics objects and more particularly to methods and appa-
ratus for blending computer generated graphics objects
using layers.

[0002] A computer system can output data to a wide
variety of output display devices. Output display devices
such as laser printers, plotters, image setters and other
printing devices produce an image or "visual represen-
tation" onto a sheet of paper, a piece of film or the like,
while output display devices such as computer monitors
develop visual representations on a computer screen.
[0003] Manyoutputdisplaydevicesreceive display da-
ta in the form of a "pixelmap" and generate visual repre-
sentations from the display data. A pixel is a fundamental
picture element of a visual representation generated by
a display device, and a pixelmap is a data structure in-
cluding information concerning a number of pixels of the
representation.

[0004] A printing device prints dots on a piece of paper
corresponding to the information in a pixelmap. Alterna-
tively, a computer monitor illuminates pixels based upon
the information in a pixelmap. A "raster" output device
creates a visual representation by displaying arrays of
pixels arranged in rows and columns from the pixelmap.
Most output devices, other than plotters, are raster output
devices.

[0005] Printing and visual output devices that produce
output in response to page description language input
are widely used. A page description language is a high
level language for describing objects to be displayed by
an output device. The PostScript® language developed
by Adobe Systems Incorporated of San Jose, California,
is an example of a page description language. An image
to be displayed may be represented and stored in a page
description format as a page description language file
which includes one or more objects. Generally, a page
description language is device independent.

[0006] In operation, a conventional printing device
configured to process a page description language file
interprets the objects within the file and renders the data
into pixelmaps to be painted into a frame buffer. Typically,
the frame buffer is large enough to store (at least in com-
pressed form) any page that might be printed, and ren-
dered pixelmaps are stored in this buffer. When the entire
page has been painted, data stored in the frame buffer
may transferred to a print engine or marking engine for
printing.

[0007] Transparency is a visual blending effect ob-
tained when a background object (image, text, lines or
filled regions) is partially obscured by a foreground object
that is drawn over the background object. Numerous oth-
er blending effects may be used to integrate foreground
and background graphics data. Examples of blending ef-
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fects include adrop shadow effect, a screen effect, darker
and lighter effects and overprinting effects.

[0008] The manipulation of graphics data at a printer
or output display to achieve blending effects typically re-
quires a large amount of memory. Some printing devices
include limited memory or shallow frame buffers for per-
formance reasons and thus heretofore were incapable
of processing a blending operation at the printer. Recog-
nizing the limitations of some printing devices to manip-
ulate graphics data, PostScript and other similar page
description languages generally have not supported
blending effects.

[0009] EP-A-0702328discloses asystemand ameth-
od for rendering image data from object based descrip-
tion to a description comprising a plurality of lines, i.e. a
pixel based description.

[0010] Itis anobject of the present invention to provide
an improved blending of graphics data, including a plu-
rality of objects.

[0011] This object is fulfilled by the method according
to claim 1 and the apparatus according to claim 9. Pre-
ferred embodiments are subject of the dependent sub-
claims.

[0012] Ingeneral,inone aspect, the invention features
a method of blending graphics data that includes a plu-
rality of objects. The method includes grouping the ob-
jects into two layers; drawing the objects associated with
afirstlayer; drawing the objects associated with a second
layer; and blending data drawn into the first and second
layers.

[0013] Preferred embodiments of the invention include
one or more of the following features. The drawing step
includes rendering object data to generate a pixelmap.
The drawing step includes computing a planar map rep-
resentation of the objects. The method is implemented
in a printing device. Objects are drawn opaquely into each
layer. One of the first and second layers is drawn into a
frame buffer. Data drawn into one of the first and second
layers is drawn into a layer buffer, the layer buffer being
partitioned into a plurality of tiles, each tile for receiving
data associated with a particular portion of a page to be
printed; the method includes compressing tiles of the lay-
er buffer into which data is not currently being drawn.
The layer buffer is partitioned into a plurality of bands.
The step of blending includes blending drawn data from
the first and second layer according to a predefined
blending operation. The predefined blending operation
is selected from the group oftransparency, shadow, over-
printing, darkening, lightening, screen effect and additive
effect.

[0014] Ingeneral, in another aspect, the invention fea-
tures a method of blending graphics data in an output
display device. The method includes providing groupings
of object data associated with an image to be displayed,
each grouping defining a layer of the image; creating a
layer stack associated with image, the layer stack defin-
ing a hierarchy for blending layers of the image; rendering
object data associated with each layer; and blending ren-
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dered object data for the layers.

[0015] Preferred embodiments of the invention include
one or more of the following features. The blending step
is performed two layers at time, including selecting layers
for blending by popping layers off the layer stack.
[0016] Ingeneral, in another aspect, the invention fea-
tures a method of blending graphics data in an output
display device. The method includes providing groupings
of object data associated with an image to be displayed,
each grouping defining a layer of the image; providing
layer blending information defining a hierarchy for blend-
ing layers of the image; rendering object data associated
with each layer; and blending rendered object data for
the layers.

[0017] Preferred embodiments of the invention include
one or more of the following features. The blending step
is performed two layers at time including selecting layers
for blending based on the layer blending information.
[0018] Ingeneral, in another aspect, the invention fea-
tures a method of blending graphics data received by a
printing device. The method includes receiving object da-
ta associated with afirstlayer of animage to be displayed;
transforming the object data to an intermediate form rep-
resentative of an underlying graphics object; storing the
intermediate form data in a first buffer; receiving object
data associated with a second layer of the image; trans-
forming the object data to an intermediate form repre-
sentative of an underlying graphics object; blending in-
termediate form data for the first and second layer to
derive blended data; and printing the image.

[0019] Ingeneral, in another aspect, the invention fea-
tures a method of blending graphics data received by a
printing device to provide a blending effect for a fore-
ground image with respect to a background image. The
method includes receiving one or more foreground ob-
jects to be drawn into a foreground layer; drawing the
foreground objects to generate foreground data; receiv-
ing one or more of background objects to be drawn into
a background layer; drawing the background objects to
generate background data; blending the foreground and
background data to generate a composite image for print-
ing.

[0020] Ingeneral, in another aspect, the invention fea-
tures a method of blending graphics data received by a
printing device. The method includes providing one or
more objects associated with a first layer of an image to
be printed; rendering the objects associated with the first
layer; storing rendered object data associated with the
first layer in a first buffer; providing one or more objects
associated with a second layer of the image; rendering
the objects associated with the second layer; storing ren-
dered object data associated with the second layer in a
second buffer; blending the rendered object data for the
first and second layers; and printing the blended ren-
dered object data.

[0021] Ingeneral, in another aspect, the invention fea-
tures an apparatus for blending graphics data in a output
display device. The apparatus includes an interpreter for
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receiving object data associated with two layers of an
image to be displayed by the output display device and
for receiving a layer operator for designating which ob-
jects belong to which layer; a drawing engine for drawing
objects into a first and a second buffer, the first buffer for
receiving data associated with afirst layer and the second
buffer for receiving data associated with a second layer;
and a blend processor for blending data in the first and
second buffers prior to display.

[0022] Preferred embodiments of the inventioninclude
one or more of the following features. One of the first and
second buffers is a layer buffer, the layer buffer being
partitioned into a plurality of bands, each band for receiv-
ing data associated with a particular portion of a page to
be displayed; and the apparatus includes a compression
engine for compressing bands of the layer buffer into
which data is not currently being drawn. The drawing
engine includes a render engine for generating pixel data
from higher level object data, for receiving object data
from the interpreter and for painting pixel data represent-
ative of the object data into one of the first and second
buffers for all objects in a same layer. The apparatus
includes a layer table for storing layer information includ-
ing blending instructions to direct the output display de-
vice to perform a desired blend. The interpreter receives
a layer operator indicating a transition between layers
and, responsive to the layer operator, data is drawn into
a new layer buffer.

[0023] Ingeneral, in another aspect, the invention fea-
tures an apparatus for blending graphics data in a output
display device. The apparatus includes a frame buffer
for storing rendered object data associated with a plural-
ity of objects to be placed in a background layer of an
image; a layer buffer for storing rendered object data as-
sociated a plurality of objects to be placed in aforeground
layer of an image; and a blend processor for blending
the foreground and background layers.

[0024] Preferred embodiments of the invention include
one or more of the following features. The layer buffer is
dynamically allocatable and de-allocatable based in part
upon receipt of a blending instruction with graphics ob-
jects associated with the image.

[0025] In general, in another aspect, the invention fea-
tures a printer configured to receive a page description
language description of a page to be printed. The printer
includes a frame buffer for storing render data; a layer
buffer for temporarily storing rendered data for a layer of
an image to printed; a blending engine for blending ren-
dered data stored in the frame buffer and layer buffer;
and a print engine for printing blended data resulting in
a blending of graphics data according to a user defined
blending function.

[0026] Among the advantages of the invention are one
or more of the following. Blending effects may be imple-
mented in printers that would otherwise not have suffi-
cient memory to support conventional blending methods.
[0027] The use of the inventive methods is transparent
for non-blended graphics data and thus a performance
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penalty only occurs when processing blended graphics
objects.

[0028] A layering process is provided in a display de-
vice to allow for division of an image or portion of an
image into one or more layers. Blending of objects asso-
ciated with one or more layers of animage may thereafter
be advantageously achieved.

[0029] A layering process may be advantageously im-
plemented in systems that manipulate graphics data in
display list format or in other formats.

[0030] Only a current layer that is being drawn into is
required to be maintained in uncompressed form. All oth-
er layers may be compressed to save memory space.
[0031] In a banding or tiling system, only a portion of
the current layer is required to be in an uncompressed
form. Bands not being drawn into may be stored in a
compressed form.

[0032] Layers may be blended in any order and com-
bination to achieve a desired visual effect in the output
image. Layers may be nested in multiple layers and re-
solved according to user preferences in the formulation
of an output image which is delivered to a print or display
engine.

[0033] A simple stack hierarchy may be used to define
relationships between layers and the ordering for blend-
ing of the layers in the formulation of blended graphics
objects.

[0034] Layer buffers may be allocated and deallocated
dynamically as required to create a desired visual effect.
Any number of combinations of differing sized layer buff-
ers may be active at any given time.

[0035] Blending effects may be implemented that oth-
erwise would be impossible in a conventional output dis-
play device. The inventive teachings disclosed allow for
the elimination of undesirable artifacts and other cumu-
lative effects in blending multiple objects.

[0036] Other features and advantages of the invention
will become apparent from the following description and
from the claims.

Brief Description of the Drawings

[0037]

FIG. 1 is a block diagram of a printer according to
the invention.

FIG. 2 is a flow chart of a process for implementing
blending in a printer using layers.

FIG. 3a is a block diagram of the printer of FIG. 1
including compression and decompression mecha-
nisms.

FIG. 3b is a flow chart of a process for minimizing
memory in a display device using compression and
blending with layers.

FIG. 4 is a block diagram of printer according to the
invention for a band system.

FIG. 5 is a method of implementing a stack architec-
ture using page description operators in a output dis-
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play device for processing multiple layers of an out-
put image.

FIG. 6a is a diagram of an example of a blending
hierarchy achievable with a simple layer operator ac-
cording to the invention.

FIG. 6b is a diagram of an example of a blending
hierarchy achievable with intermediate blending ac-
cording to the invention.

Detailed Description

[0038] The following contemporaneously filed and
commonly owned patent applications are incorporated
by reference: "Dehalftoning of Digital Images" by
Stephen Carlsen et al., attorney docket no.
07844/087001; "Blending Graphics Objects In A Frame
Buffer" by Stephen Carlsen, attorney docket no.
07844/229001; "Transparency Processing in a Page De-
scription Language" by Lars Borg et al., attorney docket
no. 07844/217001; "Blending with Planar Maps" by
Stephen Schiller et al.,, attorney docket no.
07844/228001; and "Conversion of Alpha-Multiplied
Color Data" by Lars Borg et al., attorney docket no.
07844/230001.

[0039] The presentinvention may be embodied in any
output display device that receives page description data
and produces an outputimage from the data, for example
on a computer monitor or a piece of paper. The invention
has particular applicability to printing devices and will be
described in terms of an embodiment in such a device,
which will be referred to simply as a printer. Printers in-
clude plotters, image setters, digital presses, laser print-
ers, dot matrix printers, ink jet printers and the like.
[0040] Referring to FIG. 1, a printer 16 receives input
data, from a computer 12, for example, and turns the
input data into marks on a piece of paper by sending
signals to a print engine 34. The printer 16 is configured
toreceive page description language input data and proc-
ess it as will be described later. One suitable page de-
scription language is the PostScript language. The Post-
Script language is described in Adobe Systems Incorpo-
rated, Adobe PostScript® Language Reference Manual,
Addison-Wesley (2d ed., ©1990). Another suitable page
description language is the PCL language available from
the Hewlett-Packard Company of Palo Alto, California.
A page description language file sentto a printer specifies
objects to be displayed and related information. A Post-
Script object can, for example, include a pixelmap defin-
ing a pattern of pixels to be displayed, or the object may
reference an outline curve defining a shape to be marked.
The object may also include other information such as
font and size for character objects and blend information
as will be described in greater detail below.

[0041] The printer 16 includes a buffer 24, a digital data
processor, random access memory 28 and print engine
34. It also typically includes read-only memory, 1/O inter-
faces, and data transfer paths and busses, none of which
are shown.
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[0042] The digital data processor may be a general or
special purpose microprocessor operating under control
of computer program instructions executed from a mem-
ory. The processor may include a number of special pur-
pose sub-processors, each sub-processor for executing
particular portions of the computer program instructions.
In the embodiment illustrated in FIG. 1, the processor
includes aninterpreter 50, arasterimage processor (RIP)
52 and blend processor 58.

[0043] Each sub-processor may be a separate circuit
able to operate substantially in parallel with the other sub-
processors. Some or all of the sub-processors may be
implemented as computer program processes (software)
tangibly stored in a memory that perform their respective
functions when executed. These may share an instruc-
tion processor, such as a general purpose integrated cir-
cuit microprocessor, or each sub-processor may have its
own processor for executing instructions. Alternatively,
some or all of the sub-processors may be implemented
in an ASIC (application specific integrated circuit).
[0044] RAM 28 is a random access memory used by
the processor and sub-processors 50, 52 and 58. RAM
28 may include display list memory 60, a frame buffer
62, any number of layer buffers 63 and a layer table 65
including a current buffer pointer 66. RAM 28 may be
partitioned into one or more regions or embodied in one
or more separate memory devices.

[0045] Preferably layer buffers 63 are dynamically al-
located and may be used for storing pixel data associated
with one or more layers of an output image. A layer buffer
typically is sized smaller than a frame buffer and may be
dynamically sized based on the data objects required to
be drawn into a given layer. Each layer buffer 63 may be
structured similar to a frame buffer and may be divided
into one or more bands. Alternatively, the structure of the
layer buffers may be independent of the frame buffer
structure and may be optimized based on a specific im-
plementation. For example, a particular printing device
may include a banded frame buffer, that is, a frame buffer
that is divided into a plurality of bands, into which object
data may be painted covering a predefined portion of a
page to be printed. In order to achieve a desired visual
effect, a user may desire to blend two or more layers of
graphics objects within a single band of the frame buffer.
In this example the frame buffer is a band device; how-
ever, the implementation of the layer buffers needed to
provide a layer blend within a single band does not re-
quire the layer buffers to be similarly structured.

[0046] Frame buffer62 maybe adeep orshallow frame
buffer. A shallow frame buffer is configured to store
render data typically having a bit depth of one (1) bit per
pixel. A deep frame buffer is configured to store render
data typically having a bit depth of greater than one (1)
bit per pixel. Manipulation of shallow buffer data in order
to achieve blending is described in detail in "Dehalftoning
of Digital Images" by Steve Carlsen cited above. In order
not to obscure the present invention, a deep frame buffer
example will be described herein. Frame buffer 62 may
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be used to store objects rendered into a background layer
of an output image, while layer buffers 63 may be used
to store foreground rendered data prior to blending with
the background layer. In addition, frame buffer 62 may
be used to store resultant data derived from a blend of
one or more layers and the background.

[0047] Layer table 65 may be used to store layer data
and may memory address information indicating where
in memory data associated with a given layer is stored,
blending instructions and a current buffer pointer.
[0048] Objects received by interpreter 50 may be in-
terpreted into display list data for storage in display list
memory 60. Alternatively, graphics data objects may be
immediately painted by RIP 52 as pixelmaps into frame
buffer 62 or a layer buffer 63. RIP 52 may paint objects
opagquely into frame buffer 62 or layer buffers 63. Alter-
natively blending of individual objects at the layer level
may be achieved as is described in "Blending Graphics
Objects in a Frame Buffer" by Stephen Carlsen, Lars
Borg and Stephen Schiller as cited above.

[0049] RAM 28 may be embodied in one or more mem-
ory chips. If display list memory 60 and the frame buffer
62 are consolidated into a single memory (a consolidated
memory), then the memory may be partitioned or other-
wise mapped to reflect the boundaries of the various
memory sub-components.

[0050] Data flow, rather than physical interconnection,
is illustrated between elements of printer 16. Processor
and memory components are physically interconnected
using a conventional bus architecture.

[0051] The printer components that have been de-
scribed can be packaged in a single product; alternative-
ly, some can be included in computer 12 or otherwise
housed separately.

[0052] For concreteness, initially a two layer example
in a single color space will be described. Application of
the invention to other color space representations of an
graphics object are similar.

[0053] Referring now to FIGs. 1 and 2, a conventional
rendering and marking process for a raster output device
is enhanced by the addition of a method for implementing
blending by layers (200). Printer 16 receives object data
and blend operators from computer 12 (202).

[0054] Printer 16 may be configured to a default mode
by setting a current buffer pointer to point to frame buffer
62 (203). In the default mode, interpreter 50 directs the
output of RIP 52 so that data objects received may be
painted directly into frame buffer 62 (the "default layer").
[0055] Alternatively, RIP 52 may paint objects received
directly into an designated layer buffer. Step 204 results
in the painting of object data into a "current buffer", that
is, either a layer buffer or the frame buffer depending on
the location indicated by the current buffer pointer. The
current buffer pointer may be maintained by interpreter
50 and modified upon receipt of a tag (herein after a "layer
operator") that precedes or accompanies a particular
graphics object. For example, the frame buffer may be
used to store background data associated with a back-
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ground layer and may be written to as the current buffer
whenever background data is provided from computer
12. To transition to a foreground layer, a foreground data
object including a layer operator may be used to update
the current buffer pointer to point to a layer buffer thereby
enabling RIP 52 to directly paint foreground render data
into the appropriate foreground layer location in memory.
[0056] Uponreceiptofalayeroperator (212), interpret-
er 50 processes the layer operator by allocating a portion
of memory (a layer buffer) to store layer data and directs
the painting of objects associated with the designated
layer from the RIP to the layer buffer by setting the current
buffer pointer (214).

[0057] When all the objects for a particular layer have
been painted into a layer buffer (207), the layer buffer
may be blended by blend processor with another layer
according to blending instructions received from compu-
ter 12 (209). The blend results in a single layer (two layers
blended into one). The blending may result in the deal-
location of memory associated with one of the original
layers and may result in an update to the current buffer
pointer. The process continues until the end of the page
is reached (206).

[0058] When the end of the page is reached, blending
processor checks to determine if any outstanding layers
remain to be blended (208). If no layers remain to be
blended, the page may be printed by passing data from
the frame buffer 62 directly to the print engine 34 (210).
If any layers remain to be processed, then the layers may
be blended by blending processor 58 (216). Alternatively,
outstanding layer buffers may be held over for a next
page, discarded, or otherwise processed by blending
processor 58.

[0059] The result of any layer blending may be stored
in the frame buffer 62 (218). At the completion of the
blending operation, resultant data stored in frame buffer
62 may be transferred to print engine 34 for printing (210).
Thereafter the process may end (220).

[0060] The objects associated with one layer may be
received sequentially prior to the receipt of any objects
associated with a second layer as is described above.
Alternatively, object data may be received in random or-
der.

Blending

[0061] Layers may be blended according to blending
information provided from computer 12. The blending in-
formation may define both the timing and algorithm to be
used in the blending operation. Various blending algo-
rithms may be invoked by blending processor 58 to blend
two layers. Blending processor 58 combines the pixel
values at each location in the layers according to an ap-
propriate blending formula. Examples of blending formu-
las include:
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Blending Mode Formula

Transparency
(Alpha blending)

N=F * opacity + B * (1-opacity)

Shadow Sh= Normal * B
Screen Scr=N+B-(N*B)
Darker Drk= Min (N, B)
Lighter Ltr= Max (N, B)
Add Add=N +B
Overprint Ovr=N+B -1

where N is Normal (transparency), F is foreground data,
B is background data, and opacity is between 0 and 1.
[0062] Blending processor 58 may support one or
more of the blending formulas. A user-defined selection
for the method to be used may be provided by computer
12 in the form of blending instructions as part of a layer
operator. The instructions may be stored in layer table
65 for retrieval at the time for blending.

Memory Saving Techniques

|. Compression

[0063] Referring now to FIGs. 3a and 3b, printer 16
may include compression 55 and decompression en-
gines 57. Compression engine 55 may be used to com-
press data stored in a buffer that is not the current buffer.
Conversely, decompression engine 57 may be used to
decompress compressed data stored in a buffer prior to
the addition of more objects or the blending of data with
data from another buffer. If compression techniques are
employed, the process 200 for blending layers is modified
to include a step of determining if graphics objects are
to be rendered into a new buffer (e.g., the frame buffer
or a layer buffer) by determining if a new current buffer
is indicated (213a). Objects received from computer 12
are required to be written to a new buffer when the current
buffer being painted into by the RIP is not the same buffer
into which subsequent objects are to be rendered. If no
new current buffer is set, then the process continues at
step 214.

[0064] If a new current buffer instruction is detected,
then the contents of the current buffer (either the frame
buffer or a layer buffer) may be compressed (213b).
Thereafter, the contents of the new current buffer may
be decompressed as appropriate prior to painting more
object data into the new current buffer (213c). Decom-
pression may also be added if a layer operation requires
the blending of layers or the writing of new data to a pre-
viously compressed buffer. In addition, a decompression
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step (215) may be required to be added prior to the blend-
ing step 216 to decompress data stored in at least one
layer buffer 63.

Il. Band Buffers

[0065] Referring now to FIG. 4, frame buffer 16 may
be divided to include an uncompressed band buffer 62-1
and compressed band buffer 62-2. Uncompressed band
buffer 62-1 may be sized to hold one or more bands of
uncompressed render data. Compressed band buffer
62-2 may be sized to store a compressed form of the
render data. Each layer buffer 63 may be similarly con-
figured to include an uncompressed and a compressed
portion (not shown). The uncompressed portion may be
used to paint data directly from RIP 52, while the com-
pressed portion may be used to store one or more com-
pressed bands of previously rendered data. Alternatively,
the frame buffer and layer buffers may share an uncom-
pressed band bufferinto which all rendered datais written
by RIP 52.

[0066] In a band or tiling system, only a portion of a
frame buffer or layer buffer is maintained in uncom-
pressed form, while the remainder of the bands associ-
ated with a buffer that are not presently being drawn into
are maintained in a compressed form. Interpreter 50 re-
ceives object data from computer 12 and stores the object
data in display lists in display list memory 60. When all
of the objects for a given band have been received (or if
the display list memory for a given band is full), RIP 52
may render the object data stored in the display list for
the given band painting directly into a band of the un-
compressed band buffer 62-1. When all of the objects of
the display list have been painted into the uncompressed
band buffer 62-1, compression engine 55 may be invoked
to compress the data for the band and store the resultant
compressed data in the compressed band buffer 62-2 or
in the compressed portion of a layer buffer.

[0067] If all of the data objects associated with a band
are not received at the time for rendering a display list to
the uncompressed band buffer, then a cycling operation
may be invoked. In a cycling operation, a band of previ-
ously compressed data may be decompressed and
stored in the uncompressed band buffer 62-1. Objects
may then be rendered into the band by RIP 52. After all
of the data objects for a display list associated with the
band are processed, the band may again be compressed
and stored in the compressed band buffer 62-2 or in the
compressed portion of a layer buffer.

[0068] If layer buffers 63 are configured in a band ar-
chitecture, the process for blending layers may require
decompressing compressed bands of a given layer prior
to blending with a corresponding band associated with
another layer.

Multi-layer Systems

[0069] The description above is directed to printing a

15

20

25

30

35

40

45

50

55

two layer blend, as might be used in blending a fore-
ground layer, stored in a layer buffer, with a background
layer, stored in the frame buffer, to achieve a desired
visual effect. More complex visual effects may be
achieved by including more than two layers. In order to
achieve such results, a hierarchy for blending is required
to be provided from the host computer or may be inferred
by the display device.

An Inferred Layer Stack

[0070] ReferringagaintoFIG. 1, printer 16 may include
a layer stack embodied in layer table 65. Stacking of lay-
ers may be inferred from the order of layer data is created
or received. In a simple layer implementation, computer
12 may provide a layer operator that designates the tran-
sition between layers and blending instructions for blend-
ing the new layer with its parent layer in the layer stack.
A log of such layer operators may be maintained in layer
table 65 by interpreter 50. Each entry in the layer table
may be associated with a single layer. At the time for
blending (after all graphics objects have been processed
for a given page), layers may be blended in reverse order
received, two layers at a time, by the blending processor
according to the blending instructions.

Page Description Language Defined Structure

[0071] While the inferred structure allows for very sim-
ple layer operators to be used, a more complicated struc-
ture of layers may be desirable in order to achieve com-
plex visual effects. Blending instructions may be included
with the layer operator that define the order in which the
layers may be blended (e.g., layer one with layer three,
the composite of which is blended with layer two). In ad-
dition, more complex blends may be achievable by nest-
ing layers in the hierarchy and allowing for the control
over when layers are to be blended, as opposed to at the
end of processing of all graphics objects associated with
a given page.

[0072] A page description language structure for
blending layers may include a layer stack architecture
and at least three types of layer operators. The layer op-
erators may be provided by computer 12 to direct printer
16 to perform a desired blend.

[0073] A create layer operator may be used to desig-
nate a new layer. In response to a create layer operator,
interpreter 50 creates an new entry in layer table 65. A
create layer operator may be required for each layer in
an graphics data blend. As create layer operators are
processed, layers are "pushed" onto a stack embodied
in the layer table 65. Parent and sibling relationships in
the hierarchical stack can be defined for each layer cre-
ated.

[0074] A current layer operator may be used to desig-
nate that the objects following (or accompanying) the op-
erator belong to a certain layer. In response to a current
layer operator, the interpreter may direct the transfer of
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rendered data from RIP 52 to a layer buffer. The current
layer operator operates much the same as the layer op-
erator described in conjunction with FIG. 2. The process-
ing of a current layer operator has no effect on the con-
tents of the hierarchical stack.

[0075] A render layer operator may be used to invoke
the blending of layers on the stack. The render layer op-
erator may take the form of a pop instruction. In response
to a pop instruction, the blend processor may pop a layer
from the stack (a child layer), blend the layer with its par-
ent layer in the hierarchical stack, and store the result in
the parent layer buffer. The pop operation results in the
removal (deallocation) of an element from the layer table
(the child layer) and a modification to the parent layer as
a result of the blending operation.

[0076] Referring now to FIG. 5, a process for blending
layers in a system including layer operators defining a
layer stack is shown. The process includes initializing the
current buffer pointer to point to the frame buffer (301).
Objects and layer operators are received from a compu-
ter 12 to be processed (302). If object data is received
(303), the graphics objects are processed by RIP 52 and
painted directly into the current buffer (304).

[0077] If a create layer operator is received (305), an
entry is added to the layer table (306), and the process
continues at step 304. Each entry in the layer table may
include a layer identifier, a buffer identifier, and a com-
pression flag. A buffer identifier identifies the location in
RAM 28 where data associated with the layer is stored
(either a layer buffer or the frame buffer). The compres-
sion flag indicates whether or not the layer data is in a
compressed form and thus requires decompression prior
to retrieval, blending or other processing.

[0078] If a currentlayer operator is received (321), the
current buffer pointer is updated (308) and the process
continues at step 304.

[0079] If arender layer operator is received (322) then
two layers on the stack are blended by the blend proc-
essor 58 (324). The layer operator may define which two
layers are to be blended or a default selection may be
made to blend the last two layers added to the stack, the
lastlayer and the current layer (as indicated by the current
buffer pointer) or other another pair of layers. The layer
table is updated to remove one of the layers from the
stack (326), and the resultant layer data derived from the
blending operation is returned to be stored in the other
layer buffer (328).

[0080] The process continues until all graphics objects
associated with the page are processed (323). Thereaf-
ter, a check is made to determine if more than one layer
is present (312). If not, then the contents of the frame
buffer may be transferred directly to the print engine for
printing (314) and thereafter the process ends (320). If
layers are present, blending processor 58 blends the lay-
ers according to the stack order two layers at a time until
all the layers are blended (316) and then passes the re-
sultant data to the frame buffer (318). The blend proces-
sor processes layers from the stack by combining the
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lastlayer created with its parent on the stack (the previous
layer received in time). The resultant image is then com-
bined with the next layer in the stack hierarchy until all
of the layers have been blended, the result of which may
be blended with the contents of the frame buffer. Other
default hierarchies may be employed. For example, all
layers that are children of a parent layer in the hierarchy
may be blended before blending a parent layer with a
"sibling" layer within the same hierarchical level.

Nesting

[0081] The render layer and create layer operators al-
low for the creation of complex blending hierarchies. Re-
ferring now to FIG. 6a, the create layer operator allows
forthe ordering of layersin a stack. In the example shown,
when all the objects associated with a given page have
been processed, a blend of the layers in the stack in
reverse order received results in a single level hierarchy.
Referring now to FIG. 6b, a more complex hierarchy may
be realized by using the render layer operator in conjunc-
tion with the create operator. Nesting of layers in a parent/
child hierarchy is achievable by sequencing the creation
of layers along with blending of layers prior to the final
blend time for the given page. These intermediate blends
allow greater freedom to produce desired visual effects.

Blending a Layer into two or more Layers

[0082] In order to achieve a complex visual effect, a
single layer may be desired to be blended into a plurality
of other layers. One method for achieving this in printer
16 is to blend layers (e.g., a parent and a child layer) and
draw the result of the blend back into one of the two layers
(the parent layer) without affecting the contents of the
second layer (the child layer).

[0083] Referring again to FIG. 1, another method of
achieving this in a printer 16 is to include a copy buffer
67. Copy buffer 67 may be used to store a copy of the
data in the frame buffer so that the same layer may be
blended with multiple layers in a hierarchy. The copy buff-
er may advantageously be used in conjunction with a
render layer operator to achieve a desired visual effect.

Alternative Embodiments

[0084] One of ordinary skill will recognize that the prin-
ciples disclosed herein may be equally well suited to other
printer configurations. For example, blending of graphics
data may be ideally performed prior to the conversion of
object data into pixel data by RIP 52. "Blending with Pla-
nar Maps" by Lars Borg et. al. cited above, describes a
method and apparatus for blending graphics objects us-
ing planar maps. Planar maps may be drawn into and
used to blend graphics objects prior to the rasterization
process. The teachings of the present invention are
equally well suited to a planar map blending method. One
or more layers of planar maps may be computed and



15 EP 0 924 652 B1 16

stored in a display device to facilitate blending operations
and the creation of complex visual effects. Each layer of
memory may be used to store one or more planar maps
representative of a grouping of one or more graphics ob-
jects to be combined. In a planar map embodiment, one
difference arises in the blending of planar maps and the
allocation of memory. Planar maps may be combined to
derive a composite map representative of the blending
of the two planar map representations. However, a sep-
arate portion of memory must be allocated to store the
resultant planar map (an existing planar map cannot be
simply drawn into as is the case when operating on a
pixel by pixel blend when using a frame buffer). Other
blending methodologies may be utilized in addition to
blending at the pixel level or the planar map level as de-
scribed above. No matter the form or timing of the blend,
the use of layers provides a flexible hierarchy for blending
objects and may be realized by practicing the teachings
of the present invention.

[0085] The present invention has been described in
terms of specific embodiments, which are illustrative of
the invention and not to be construed as limiting. The
invention may be implemented in hardware, firmware or
software, or in a combination of them. Other embodi-
ments are within the scope of the following claims.

Claims

1. A method of blending graphics data in an output dis-
play device, the graphics data forming a page includ-
ing a plurality of objects, the method comprising:

receiving the page including the plurality of ob-
jects, each object including a layer operator;
providing groupings of objects into layers based
on the layer operator at least one layer including
a plurarity of objects;

providing layer blending information defining a
hierarchy for blending layers of the page and
defining an order in which the layers are blend-
ed;

rendering objects associated with each layer;
and

blending rendered objects for the layers using
the defined hierarchy and the defined order.

2. The method of claim 1, :

the step of providing groupings ofobjects into
layers includes grouping the objects into two lay-
ers;

the rendering step includes drawing the objects
associated with a first layer and drawing the ob-
jects associated with a second layer; and

the blending step includes blending data drawn
into the first and second layers.
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3.

The method of claim 2 wherein the drawing steps
include rendering object data to generate a pixel-
map.

The method of claim 2 wherein the drawing steps
include computing a planar map representation of
the objects.

The method of claim 2 wherein obj ects are drawn
opaquely into each layer.

The method of claim 2 wherein data drawn into one
of the first and second layers is drawn into a layer
buffer, the layer buffer being partitioned into a plu-
rality of tiles, each tile for receiving data associated
with a particular portion of a page to be printed, the
method including compressing tiles of the layer buff-
er into which data is not currently being drawn.

The method of claim 6 wherein the layer buffer is
partitioned into a plurality of bands.

The method of claim 1 wherein the step of blending
includes blending data drawn into the first and sec-
ond layers according to a predefined blending oper-
ation, wherein the predefined blending operation is
selected from the group of transparency, shadow,
overprinting, darkening, lightening, screen effectand
additive effect.

An apparatus for blending graphics data in a output
display device comprising:

an interpreter for receiving object data associ-
ated with two layers of an image to be displayed
by the output display device and for receiving a
layer operator for designating which objects be-
long to which layer and defining a hierarchy and
an order in which the layers are blended, where-
in at least one layer includes a plurarity of ob-
jects;

a drawing engine for drawing objects into each
of a first and a second buffer, the first buffer for
receiving data associated with a first layer and
the second buffer for receiving data associated
with a second layer, wherein one of the first and
second buffers is a layer buffer, the layer buffer
being partitioned into a plurality of bands, each
band for receiving data associated with a par-
ticular portion of a page to be displayed, the ap-
paratus including a compression engine for
compressing bands of the layer buffer into which
data is not currently being drawn; and

a blend processor for blending data in the first
and second buffers prior to display , wherein
said defined hierarchy and said defined order
are used.
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Patentanspriiche

1.

Verfahren zum Mischen bzw. Verschneiden von
Graphikdaten in einer Ausgabeanzeigevorrichtung,
wobei die Graphikdaten eine Seite bilden, die eine
Mehrzahl von Objekten enthalt, wobei das Verfahren
umfasst:

Empfangen der Seite, welche die Mehrzahl von
Objekten enthalt, wobei jedes Objekt einen
Schichtoperator enthalt;

Bereitstellen von Gruppierungen von Objekten
in Schichten basierend auf dem Schichtopera-
tor, wobeizumindest eine Schicht eine Mehrzahl
von Objekten enthalt;

Bereitstellen von Schichtmisch- bzw. -ver-
schneidungsinformationen, die eine Hierarchie
zum Mischen bzw. Verschneiden von Schichten
der Seite definieren und eine Reihenfolge defi-
nieren, in der die Schichten gemischt bzw. ver-
schnitten werden;

Rendern von Objekten, die mit jeder Schicht as-
soziiert bzw. verknupft sind; und

Mischen bzw. Verschneiden von gerenderten
Objekten fiir die Schichten unter Verwendung
der definierten Hierarchie und der definierten
Reihenfolge.

2. Verfahren nach Anspruch 1, wobei:

der Schritt des Bereitstellens von Gruppierun-
gen von Objekten in Schichten das Gruppieren
der Objekte in zwei Schichten umfasst;

der Renderschritt das Ziehen der Objekte, die
mit einer ersten Schicht assoziiert bzw. ver-
knlpft sind, und das Ziehen der Objekte um-
fasst, die mit einer zweiten Schicht assoziiert
bzw. verknipft sind; und

der Mischen- bzw. Verschneidungsschritt das
Mischen bzw. Verschneiden von Daten umfasst,
die in die erste und die zweite Schicht gezogen
sind.

Verfahren nach Anspruch 2, wobei die Ziehschritte
das Rendern von Objektdaten umfassen, um eine
Pixelmap bzw. -karte zu generieren.

Verfahren nach Anspruch 2, wobei die Ziehschritte
das Berechnen einer planaren Map- bzw. Karten-
darstellung der Objekte umfassen.

Verfahren nach Anspruch 2, wobei Objekte opak in
jede Schicht gezogen werden.

Verfahren nach Anspruch 2, wobei Daten, die in eine
der ersten und der zweiten Schicht gezogen werden,
in einen Schichtpuffer gezogen werden, wobei der
Schichtpuffer in eine Mehrzahl von Kacheln bzw.
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Einzelbildern unterteiltist, und zwar jede Kachel zum
Empfangen von Daten, die mit einem bestimmten
Abschnitt einer Seite assoziiert bzw. verknipft sind,
die zu drucken ist, wobei das Verfahren das Kom-
primieren von Kacheln des Schichtpuffers umfasst,
in die aktuell keine Daten gezogen werden.

Verfahren nach Anspruch 6, wobei der Schichtpuffer
in eine Mehrzahl von Bandern unterteilt ist.

Verfahren nach Anspruch 1, wobei der Schritt des
Mischens bzw. Verschneidens das Mischen bzw.
Verschneiden von Daten umfasst, die in die erste
und die zweite Schicht gemaR einer vordefinierte
Misch- bzw. Verschneidungsoperation gezogen
werden, wobei die vordefinierte Misch- bzw. Ver-
schneidungsoperation aus der Gruppe von Trans-
parenz, Schatten, Uberdrucken, Verdunkelung, Auf-
hellung, Screeneffekt und Additiveffekt ausgewahlt
wird.

Vorrichtung zum Mischen bzw. Verschneiden von
Graphikdaten in einer Ausgabeanzeigevorrichtung,
umfassend:

eine Interpretiereinrichtung zum Empfangen
von Objektdaten, die mit zwei Schichten eines
Bilds assoziiert bzw. verknipft sind, das von der
Ausgabeanzeigevorrichtung anzuzeigen ist,
und zum Empfangen eines Schichtoperators
zum Angeben, welche Objekte zu welcher
Schichtgehoéren, und zum Definieren einer Hier-
archie und einer Reihenfolge, in der die Schich-
ten gemischt bzw. verschnitten werden, wobei
zumindest eine Schicht eine Mehrzahl von Ob-
jekten enthalt;

eine Zieh-Engine zum Ziehen von Objekten in
jeden eines ersten und eines zweitens Puffers,
und zwar den ersten Puffer zum Empfangen von
Daten, die mit einer ersten Schicht assoziiert
bzw. verknlipft sind, und den zweiten Puffer zum
Empfangen von Daten, die mit einer zweiten
Schicht assoziiert bzw. verknlpft sind, wobei ei-
ner des ersten und des zweiten Puffers ein
Schichtpuffer ist, wobei der Schichtpufferin eine
Mehrzahl von Béndern unterteilt ist, und zwar
jedes Band zum Empfangen von Daten, die mit
einem bestimmten Abschnitt einer anzuzeigen-
den Seite assoziiert bzw. verknipft sind, wobei
die Vorrichtung eine Komprimierungs-Engine
zum Komprimieren von Bandern des Schicht-
puffers enthalt, in die bzw. den aktuell keine Da-
ten gezogen werden; und

einen Misch- bzw. Verschneidungsprozessor
zum Mischen bzw. Verschneiden von Daten in
dem ersten und dem zweiten Puffer vor der An-
zeige, wobei die definierte Hierarchie und die
definierte Reihenfolge verwendet werden.
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Revendications

Procédé de mélange de données graphiques dans
un dispositif d’affichage de sortie, les données gra-
phiques formant une page incluant une pluralité
d’objets, le procédé comprenant :

la réception de la page incluant la pluralité d’ob-
jets, chaque objet incluant un opérateur en
couche ;

la fourniture de groupements d’objets en cou-
ches en fonction de I'opérateur en couche, au
moins une couche incluant une pluralité
d'objets ;

la fourniture d’informations de mélange de cou-
ches définissant une hiérarchie pour mélanger
des couches de la page et définissant un ordre
dans lequel les couches sont mélangées ;

le rendu d’objets associés a chaque couche ; et
le mélange d’objets rendus pour les couches en
utilisant la hiérarchie définie et I'ordre défini.

2. Procédé selon la revendication 1, dans lequel :

I'étape de fourniture de groupements d’objets
en couches inclut le groupement des objets en
deux couches ;

I'étape de rendu inclut le dessin des objets as-
sociés a une premiére couche et le dessin des
objets associés a une seconde couche ; et
I'étape de mélange inclut le mélange de don-
nées dessinées en les premiére et seconde cou-
ches.

Procédé selon la revendication 2, dans lequel les
étapes de dessinincluent le rendu de données d’ob-
jet pour générer une mappe de pixels.

Procédé selon la revendication 2, dans lequel les
étapes de dessin incluent le calcul d’'une représen-
tation de carte plane des objets.

Procédé selon la revendication 2, dans lequel des
objets sont dessinés de maniére opaque en chaque
couche.

Procédé selon la revendication 2, dans lequel des
données dessinées en une des premiére et seconde
couches sont dessinées en un tampon de couche,
le tampon de couche étant partitionné en une plura-
lité de mosaiques, chaque mosaique étant destinée
arecevoir des données associées a une portion par-
ticuliére d’une page devant étre imprimée, le procé-
déincluantla compression de mosaiques du tampon
de couche en lequel des données ne sont actuelle-
ment pas en cours d’étre dessinées.

Procédé selon larevendication 6, dans lequel le tam-
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9.

pon de couche est partitionné en une pluralité de
bandes.

Procédé selonlarevendication 1, dans lequel I'étape
de mélange inclut le mélange de données dessinées
en les premiére et seconde couches en fonction
d’'une opération de mélange prédéfinie, dans lequel
I'opération de mélange prédéfinie est sélectionnée
parmile groupe de transparence, ombre, surimpres-
sion, assombrissement, éclaircissement, effet
d’écran et effet additif.

Appareil pour le mélange de données graphiques
dans un dispositif d’affichage de sortie comprenant :

un interpréteur pour la réception de données
d’'objet associées a deux couches d’'une image
devant étre affichée par le dispositif d’affichage
de sortie et pour la réception d’'un opérateur en
couche pour désigner quels objets appartien-
nent a quelle couche et définir une hiérarchie et
un ordre dans lequel les couches sont mélan-
gées, dans lequel au moins une couche inclut
une pluralité d’objets ;

un moteur de dessin pour dessiner des objets
en chacun d’un premier et d’'un second tampon,
le premier tampon étant destiné a recevoir des
données associées a une premiére couche et
le second tampon étant destiné a recevoir des
données associées a une seconde couche,
dans lequel un des premier et second tampons
est un tampon de couche, le tampon de couche
étant partitionné en une pluralité de bandes,
chaque bande étant destinée a recevoir des
données associées a une portion particuliere
d’'une page devant étre imprimée, I'appareil in-
cluant un moteur de compression pour compri-
mer des bandes du tampon de couche en lequel
des données ne sont actuellement pas en cours
d’étre dessinées ; et

un processeur de mélange pour mélanger des
données dans les premier et second tampons
avant affichage, dans lequel ladite hiérarchie
définie et ledit ordre défini sont utilisés.
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